Abstract. The parallel structure of two voltage inverters sharing a single standard three-phase machine is analyzed in the paper. In ac variable-speed drive systems, Parallel inverters work under Variable-voltage-variable-frequency (VVVF) conditions, so the problems of synchronization and load sharing must be solved. In order to tackle the problems, the paper presents the global-local method of double close-loops. Through the global speed regulator, the reference current of each inverter is achieved. To the local current loop, a simple method of paralleling structures with carrier-based PWM current regulators to independently regulate each inverter's current is employed. Meanwhile, the control of the zero-sequence current is also analyzed in the local current regulator. The simulation results confirm the feasibility of the control scheme and show the motor current can be shared and has good dynamic characteristics, being superior to single module.
Introduction
Parallel inverters are often used to meet system power requirements beyond the capacity of the largest single structure. Such modular approaches have been successfully developed and applied in the field of UPS system [1] . In the ac variable-speed drive systems, parallel inverters are not widely used, because there are many problems to be solved, such as control methods, selecting of inductors [2] , improving efficiency and response [3] , and so on.
In parallel-set operation, a voltage difference between two inverters, mainly due to differences in device switching times, cause a cross current flowing between the two inverters. The cross current contains direct current component, fundamental frequency component, and carrier frequency component. Thus, a concept to reduce the cross current is that DC and the fundamental frequency component should be reduced by a current control and the carrier frequency component should be reduced by reactors. The principle of conventional control schemes has been to control by using a difference between the output currents of the two inverters, such as controlling voltage pulses with the difference, or selecting 64 different switching patterns to reduce harmonic currents [4] , the cross current, and a zero sequence current. But, those schemes are based on GTO inverters or require high-speed processing by hardwired implementation. This paper describes a control method based on micro-professor board to balance two IGBT inverters currents in ac motor drives. Firstly, the main circuit of parallel inverters is characterized and modeled to develop the cause of generating circulating current. then, a control strategy is presented including the control of zero-sequence current. Last, Performance of the control scheme is verified by a computer simulation.
Main Circuit Analysis of Parallel Inverters
The type of parallel structure depends on the construction of the load motor; the most prevalent are dual three-phase machines, split-phase machines, six-phase machines, and a standard three-phase machine with interphase reactors. Fig. 1 illustrates the proposed realization of a drive system based on parallel connection of two three phase voltage source inverters sharing a single load. It is assumed that all the inverters share the same dc bus and the dc bus is powered by an AC/DC rectifier [5] . Fig. 2 shows the equivalent circuit in the steady state to the inverter parallel-set operation system of Fig. 1 . In Fig. 2 , The motor circuit is simply represented by the R-L series circuit, and the dc link lines connecting two inverters are represented by the neutral line connecting two voltage sources. To suppress the possible circulating currents, Relative large inductors have been applied between inverter poles and the point of common coupling. In a motor drive application, however, the inherent inductive characteristics of motor load negate the need for a separate filter. Furthermore, application of a large filter inductor will result in loss of voltage available at the motor terminals. So parallel drive system without employing large inductors/transformer will still operate safely.
The voltage equation of inverter1 is expressed as follows:
Where 1
， To separate the neutral components from others, the equation (1) is transformed by the abc to αβγ transformation. 
Where the abc to αβγ transformation matrix C is
The phase αoutput voltages of two unit inverters add and subtract, then the voltage equation for phase α is expressed as follows:
The phase voltage equations of β and γ are same to phaseα. Based on the Eq. (4), we can conclude as follows:
The torque-producing current is fed mainly by the average voltage of the two inverters, and is the sum of currents for the two inverters.
The cross currents of α and β phases are fed by the voltage source whose output is caused by the difference of output voltages for the two inverters , and by the voltage source whose output is caused by the difference between the impedance of the reactors.
Meanwhile, 2 i  , 1 i  and n i satisfy the following:
Thus, the phase
From Eq. (6), the cross current of γ phase corresponds to the zero sequence current. The current flows through the reactors, IGBTs, and dc capacitors in Fig. 1 . It may be remarkably amplified by a resonance between the reactors and capacitors. But in the case of separating the dc input terminals of the two inverters, the γ phase cross current does not exit.
Current Balancing Control and Motor Vector Control Scheme

Global-Local Control Scheme of Parallel Inverters
For parallel inverters of CVCF output, the control object is output voltage, so the global-local control scheme with common voltage loop is usually used. The global or master control compares the base sine wave with the feedback voltage of the inverter, and the output error signal goes through the proportional-and-integral (PI) as the commanded current. The local or slave control is designed into the current tracking controller. For parallel inverters for motor drives, the control object is speed or torque of the motor, while the realization of speed control is by regulating the output voltage.
Induction Machine Vector Control
Vector control is the state-of-the art means of controlling AC machines. It essentially gives the AC machine the torque characteristics of a DC machine. The inductor motor parameter identification can be realized with neural network [6] . An outer speed control loop is to generate the commanded torque and magnetizing currents [7] . The commanded currents are divided by module number n, then the given current of the individual module is gotten, as shown in Fig. 3 . The quantity e  is the commanded electrical radian frequency which could be a constant or a variable in a variable-speed drive. The local or slave control refers to how the commanded currents at each unit are converted into actual switch gate signals, so the inner current control is realized in the individual module, as illustrated In Fig. 4 . The actual inverter output currents ( , , aj bj cj i i i ) are fed back to the local control. After being transformed into the synchronous reference frame, they are compared with the desired current values. The qd0-controllers produce modulating signals which can be inverse transformed back into abc variables and be used in a standard Sine-Triangle PWM (SPWM). Other approaches including Space Vector Modulation are easily substituted into the block diagram.
Zero-Sequence Control Analysis
Omitting the line-line resistance n Z and the resistance of reactors, the zero-sequence dynamics for two inverters are given by
Let's consider that only Proportional (P) control is used in the zero-sequence loop [8] , so that 
Eq. (9) has an eigenvalue at
, thus if we select  as the desired eigenvalue location des  ,
The des  should be at least one decade away from the radian switching frequency while sufficiently far in the left-half plane to minimize all lower-frequency circulating currents.
Computer Simulations
To confirm the effects of the above described control scheme, the operation of the inverter parallel-set system which drives a 37-kW induction motor is simulated. In the parameters, the rated line voltage is 460V, the values of the inter-module inductance of the two inverters are set different,
In Fig. 5 , the simulation result indicates that, inverters in parallel running from the same DC bus and driven with the same PWM signals generate noticeable circulating currents, due to the deviation in the output inductors. Fig. 6 shows the output current waveforms after the implementation of the proposed algorithms. The result indicates that the approach has the ability to compensate for the deviation in the output impedance. Step responses of motor speed and torque.
Conclusions
In this paper, Parallel inverters have been developed for application to large-capacity ac variable-speed drive system. The local control is set forth in a synchronous reference frame and addresses the question of circulating zero-sequence currents. The global and local control scheme for drive system was established which could keep a good current balance between two unit inverters and have a quick step response.
Ultimately, the above approach could be extended to a propulsion-type application of a high-bandwidth low-power inverter module operating in parallel with a low-width high-power inverter module. The efficacy of using the high-bandwidth unit to improve the fidelity of output waveforms could be evaluated.
